The present study was made in the hope of preparing a large synthetic single crystal of cryolite. As a result of many attempts, the hydrothermal synthesis is proved to be most satisfactory. The
I. Introduction
The structure of molten electrolyte containing cryolite has been a subject of many investigations because of its industrial importance as the solvents for alumina in the electrolytic production of aluminium. Several chemical forms of fluoro complex anions in molten electrolyte in an equilibrium state have been suggested indirectly from the results of various experiments on E.M.F., density, surface tension, electrical conductivity, viscosity, and vapor pressure. It is generally accepted that the presence of these species, to some extent, is confirmed spectroscopically by comparing the reference spectra of a pure single crystal of cryolite with the spectra of the molten electrolyte.
The available single crystal of cryolite is only a natural one which contains usually a small amount of impurities such as iron oxide and silica, but not a synthetic one which is completely free from impurities. Few attempts, to my knowledge, have been made to prepare the single crystal of cryolite. 
The present study has been carried out in order to prepare a large synthetic single crystal of cryolite which is isolated from the crystal of other compositon such as topaz. Many attempts made, heretofore have proved the hydrothermal synthesis to be most satisfactory. Moreover, the fine powder of synthetic cryolite is used as a starting material in the present work, so that the obtained cryolite crystal is not mixed with the crystal of other composition in contrast with Levy's method as mentioned above.
In order to obtain some characteristics of the synthetic single crystal of cryolite, the thermal and spectroscopic (vibrational) behaviors are chosen and investigated by the differential scanning calorimeter and the Raman spectrometer, respectively. crystal of cryolite-hydrothermal synthesis The very fine powder of synthetic cryolite has been obtained by many procedures such as HF-Al(OH)3-Na2CO3, Al2SO4-NaF, hot press, and heat treatment methods (2) . However, in the course of these experiments, it is found that a very small amount of cryolite dissolves in water. Such a solubility suggests that water might be a medium adequate for preparing the synthetic single crystal of cryolite. Thus, hydrothermal synthesis was applied to prepare the single crystal of cryolite. The hydrothermal synthesis was carried out in an autoclave, as shown in 2 g of the synthetic cryolite powder and 30 cm3 of distilled water were put in the autoclave. The pressure over 0.49 MPa was applied from the air or nitrogen cylinder. MPa for the heating period of 0.36 Ms.
The size of the grown crystal seems to be proportional to the temperature and the heating time; however, there appears a twin at temperature above 673 K.
Single crystals visible even to the naked eye are grown in the crystallization zone in which a water level is located. The crystals thus grown stick so weakly on an inside wall of the platinum lining that they could easily be removed. The fact suggests that the nucleation might take place at any position of the platinum lining surface instead of a preferred position of the lining surface as indicated clearly in the hydrothermal synthesis of magnetite by Hirano et al. (3) While it might be expected that the fluoride crystal grown by hydrothermal synthesis would contain a small amount of the OH radical(4), the infrared spectrum of the synthetic cryolite does not show any evidence of the presence of the OH radical.
The most typical single crystal of cryolite obtained is shown in Photo. 1. The (100), (010), and (001) planes of this monoclinic single crystal of cryolite are determined by the Lane method and are shown in Photo. 2(a), 2(b), and 2(c), respectively.
Specific heat of synthetic cryolite
The experimental specific heat are summarized in Table 1 and are plotted against temperature in Fig. 3 together with the comPhoto.1 Synthetic single crystal of cryolite (Na3AlF6).
Photo. 
where Cp and T are the specific heat in JK-tmol-1 and the temperature in K, respectively.
In a study of the specific heat of cryolite, it is of interest to compare the specific heat of cryolite with that of the stoichiometric summation of sodium fluoride and aluminium fluoride. The obtained specific heat of cryolite turns out to be greater than that of the stoichiometric summation. The difference increases with increase in temperature, varying from 0.1% at 356 K to 9% at 751 K.
Raman spectra for synthetic and natural cryolite
The Raman spectra of the isolated AB6 (AlF3-6) octahedron with Oh point group symmetry are expected for only three of the six normal vibrations of such a species The Raman spectra are assigned to the vibrational bands in the oh point group of the isolated AB6 (AlF3-6) octahedron. By use of the assigned spectroscopic data and the Urey-Bradley force field, the force constants are calculated for the synthetic single crystal of cryolite. The force constants for the synthetic cryolite agree with those for the natural cryolite.
